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Introduction
In these last years a Fusarium head blight
(FHB) outbreak has been reported in wheat grow-
ing areas of central and northern Italy. It was first
reported at the beginning of the last century (Peg-
lion, 1900), but since 1995, it has become a perma-
nent presence in wheat growing areas, with the
incidence and severity varying between wheat va-
rieties, between years and between areas (Pancal-
di et al., 1996, 1997; Balmas et al., 1998, 1999,
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2000). Several species of Fusarium cause head
blight; the most common in our country are Fusa-
rium graminearum (Schwabe), F. culmorum (Smith)
Sacc., F. avenaceum (Corda ex Fr.) Sacc. and F. poae
(Peck) Wollenw. Another causal agent is Microdo-
chium nivale (Fr.) Samuels & Hallet var. majus and
var. nivale, synonym of F. nivale (Fr.) (Pancaldi et
al., 1996; Balmas et al.,1999; Corazza et al., 2001).
Head blight causes partial or total premature ear
necrosis or emptiness of the mature ears with
stunted kernels and, when attacks are severe, a
loss in production from 30 to 70% (Parry et al., 1995;
Suty and Mauler-Machnik, 1995). FHB can also
infect the grains, which become the principal
means of diffusion of the disease (Pancaldi et al.,
1997; Pancaldi and Torricelli, 1998, 1999). Toxigen-
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ic strains of F. graminearum and F. culmorum pro-
duce deoxynivalenol (DON), a mycotoxin that in
mammals causes haemorrhagic and anorexic syn-
dromes as well as neurotoxic and immunotoxic ef-
fects (Bottalico, 2002).
Concentrations of DON higher than 1 mg kg-1,
with peaks of 6 mg kg-1, have been found in recent
surveys of durum and bread wheat kernels from
cultivations affected with FHB in several cereal
areas of Emilia-Romagna and other Regions of Italy
(Lops et al., 1998; Pascale et al., 2000, 2001a,
2001b). Control programmes to limit losses in yield
and quality have been followed in several Europe-
an areas, in the US and Canada, where the dis-
ease first appeared and has become widespread and
severe. Such control programmes include the adop-
tion of correct agronomic practices, utilization of
healthy grains or grains treated with fungicides
protecting them against Fusarium species, and the
application of fungicides at the beginning of an-
thesis.
Fungicide treatment at anthesis was also found
to reduce the DON content in wheat kernels (Jug-
net, 1994; Capisano, 1995; Mesterhazy, 1996; Jen-
nings et al., 2000; Simpson et al., 2001; Menniti et
al., 2003).
Since little is known about the control of FHB
in Italy, the purpose of the present work was to
evaluate the effectiveness of some fungicides in lim-
iting the incidence and severity of FHB induced by
F. graminearum and F. culmorum on 3 durum
wheat varieties grown in an area near Bologna,
Emilia-Romagna, Italy. The study also examined
whether the fungicide active ingredients lowered
the levels of DON in harvested grains, bran and
semolina.
Materials and methods
Fungal isolates
Isolates of F. graminearum (PDPVA 98) and F.
culmorum (PDPVA 74), were maintained in potato
dextrose agar (PDA) at 4°C and came from the col-
lection of the Dipartimento di Protezione e Valoriz-
zazione Agroalimentare (DIPROVAL), Bologna, Ita-
ly. The isolates were obtained in 2000 from durum
wheat kernels of the cv. Simeto, which had showed
a high FHB infection the year before (from 87 to
100% of infected heads). A sample of these kernels
revealed a DON concentration of 7.65 mg kg-1.
Inoculum preparation
Disks 0.5 mm in diameter from 7-day-old colo-
nies of each isolate on PDA were immersed in 2 l
flasks (3 disks per flask) each containing 1600 ml
of V8 juice liquid medium (V8 juice 200 ml + CaCO3
3 g, brought to 1 l with distilled water). After 3
weeks of incubation at 24°C with 12h day, the con-
tent of each flask was filtered through two layers
of cheesecloth to obtain a concentrated conidial
suspension, which was then measured with a Tho-
mas camera under a light-microscope (LM).
Experimental design
Three separate trials were carried out on the
susceptible durum wheat (Triticum durum Desf.)
cv. Bracco, Duilio and Simeto in fields near Bolo-
gna (Italy). The experimental design was a ran-
domised block with 4 replications (plots). All the
plots were grown according to normal agronomic
practices and each plot had an area of 11.7 m2
(1.86.5 m).
The fungicides tested on the wheat cultivars
were bromuconazole at 250 g ha-1 (Granit®),
prochloraz at 585 g ha-1 (Sportak®45 EW) and te-
buconazole at 250 g ha-1 (Horizon®). These fungi-
cides are registered for FHB control in Italy. Un-
treated controls for each variety were also assessed.
The fungicides were applied at the beginning of
anthesis, Zadoks growth stage GS 60-61 (Zadoks
et al., 1974) using a motorised pump (Solo 422, Sin-
dehfingen, Germany). Delivery pressure of this
pump at the nozzles (Teej 8003 VS) was 4 atm and
the volume of water delivered 600 l ha-1.
Both treated and untreated plots were artifi-
cially inoculated with a mixture of F. graminearum
(3.5104 conidia ml-1) and F. culmorum (2.5104
conidia ml-1). The difference in concentration was
due to the fact that F. culmorum produced fewer
conidia. Each plot, within the 24 hours following
fungicide treatment, was inoculated with 400 ml
of spore suspension with the relative humidity
above 75% and no wind.
The trial plots were mechanically harvested (GS
90–92) and after threshing, a homogenous 2 kg
sample of grain was taken from each replicate (plot)
and bulked to provide an 8 kg sample per treat-
ment (original sample, OS).
Head infection determination
Product activity in the field was evaluated at
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the milk stage (GS 77) by examining 100 heads
randomly collected from each plot. The percentage
of infected heads (incidence) and the infected area
of the heads (severity) were calculated as a mean
for each plot. Severity was assessed using a scale
similar to that of Parry et al. (1984), with eight
evaluation classes (0, 2, 5, l0, 25, 50, 75, and 90%
area infected) and by applying the following for-
mula: Σ (number of heads in each class  each eval-
uation class)/total number of heads. Efficacy per-
centage was determined by applying Abbott’s for-
mula: (% infection control - % treated infection / %
infection control)100.
Mycological analysis of ears and kernels infected
with FHB
Inoculated untreated samples of all cultivars
were collected from each experimental plot to de-
tect and quantify the different Fusarium species.
Ten ears with different levels of FHB were taken
from each plot, and from each ear 10 pieces of
glume, rachis, sub-glume and palea were also col-
lected. The pieces were washed in sterile water,
disinfected in a 1% sodium hypochlorite solution
for 2 minutes, rinsed twice in sterile water to elim-
inate any hypochlorite residue, dried on sterile fil-
ter paper, and placed in Petri dishes containing
water-agar. Plates were incubated in the dark at
22°C±1. After 7 days the grown mycelium was
placed in Petri plates containing PDA with the
addition of 0.5 g l-1 of pentachloronitrobenzene
(PCNB) to slow down the growth of other fungi,
and 0.05 g l-1 of streptomycin sulphate. Plates were
incubated in the dark at 22°C±1 for 5 days, after
which they were placed under near-ultraviolet
(NUV) light (12 h light and 12 h dark) for a further
l0 days to favour sporulation. The Fusarium spe-
cies and M. nivale were identified according to
Nelson and Burgess (Nelson et al., 1983; Burgess
et al., 1988) and the isolation frequency (number
of isolates of the species/total number of isolates)
of each variety, was calculated.
The incidence of grain infected with F. graminea-
rum and F. culmorum was calculated on 100 ker-
nels per treatment from a 100 g sub-sample of the
OS. Grains were rinsed with sterile water, disin-
fected in a 2% sodium hypochlorite solution for 2
minutes, and treated following the methodology
adopted for the ears.
Scanning electron microscopy (SEM) examina-
tion was performed on kernels from the OS that
had been incubated on sterile filter paper until the
Fusarium mycelium was visible, and on the myc-
elium produced, which was then transferred to PDA
plates and incubated until the conidia were pro-
duced (Pisi and Filippini, 1994).
Diagnostic and qualitative PCR
A PCR reaction was performed to confirm the
data obtained in vitro. F. avenaceum, F. culmorum,
F. graminearum, F. poae and M. nivale isolated
from ears (inoculated untreated samples), and F.
culmorum and F. graminearum isolated from ker-
nels of OS were maintained in purity and identi-
fied by molecular means.
Mycelium, from 7-day-old colonies grown on
PDA, was used to inoculate 50 ml of potato dex-
trose broth (PDB). Cultures were incubated at
room temperature on an orbital shaker for 4–7
days in the dark. The harvested mycelium was
filtered through Whatman no. 1 filter paper, then
reduced to powder in a mortar with liquid nitro-
gen. DNA was extracted from the mycelium with
the method described by Nicholson and Parry
(1996) using 20 ml of hexadecylmetrimethyl-am-
monium bromide (CTAB) buffer (CTAB 8 g, sarko-
syl 10 g, sorbitol 25 g, NaCl 47 g, EDTA 8 g, poly-
vinylpolypyrollidone [PVPP] 10 g in 1 l water) at
65°C for 2 h, then an equal volume of chlorophorm
was added and the mixture centrifuged at 3000 g
for 15 minutes.
The acqueous phase was subsequently removed,
an equal volume of cold isopropanol added and the
mixture centrifuged. The resulting pellet was
washed in 70% ethanol and dissolved in 300 µl TE
buffer (10 mM Tris HCl, pH 8.0, 0.1 mM EDTA).
PCR reactions were carried out in a volume of 50
µl containing 10–20 ng fungal DNA, 100 µM of
dATP, dCTP, dGTP and dTTP, 10 nM of forward
and reverse primers, 1 unit of Taq polimerase (Ro-
che, Nutley, NJ, USA) in 5 µl buffer II and 3 µl MgCl2
of Gene Amp 10 (Applera, Forster City, CA, USA)
with a final concentration of 10 mM Tris-HCl, 50
mM KCl and 1.5 mM MgCl2. The primers used are
indicated in Table 1. The amplification process was
carried out in a GeneAmp 9700 thermocycler
(Applera), with initial denaturation of 7 min at 94°C,
then 40 cycles with specific programmes for each
primer pair, followed by 72°C for 7 min.
Electrophoresis was done in 2% NuSive (Cam-
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brex, Rockland, ME, USA) agarose gel in 1 TAE
buffer for 1.5 h at 100 volt with a 100 bp ladder
(Cambrex). Gels were stained with Gel Star (Cam-
brex) and the images collected and elaborated with
the BioDoc-it System of UVP (UVP Inc., Upland,
CA, USA).
DON analysis
The concentration of DON was determined for
each treatment and cultivar in kernels of the OS,
in the clean sample (CS) and in the bran and sem-
olina obtained from the CS.
Kernels of the OS were from a subsample of 500
g; kernels of the CS from a subsample of 500 g ob-
tained by sieving the kernels of the OS with a 220
mm mesh sive; and the bran and the semolina frac-
tions were obtained from 500 g of the whole wheat
of the CS tempered to 17% moisture content for 19
hours and milled using a labor mill, 4 grinder
(Bona, Monza, MI, Italy).
DON determination was carried out by HPLC
on kernels, semolina and bran samples, after iso-
lation, purification and concentration as described
by Cahill et al. (1999).
Finely ground aliquots (25 g) of each sample
were added to 5 g of polyethylene glycol (PEG 8000)
and extracted with 100 ml distilled water by blend-
ing. Extracts were filtered through filter paper
(Whatman No. 4) and a 1.5 µm glass microfiber
filter (Whatman GF/A). An aliquot of 2 ml of fil-
tered extract was cleaned up by a DON TestTM im-
munoaffinity column (Vicam Inc., Watertown, MA,
USA). DON was identified and quantified by a re-
versed-phase HPLC system (model Jasco system
LC-1500, Carpi, MO, Italy) with a diode array UV
detector (model MD 1510, Jasco) set to 220 nm and
using an RP Pinnacle ODS column (2504.6 mm,
5 µm). The mobile phase consisted of a mixture of
acetonitrile: 250 µl of acetonitrile:water (10:90, v:v)
eluted at a flow rate of 1.0 ml min-1. Appropriate
dilutions of sample extracts before loading on the
immunoaffinity columns were necessary to avoid
saturation of the DON-antibody binding sites.
The detection limit of the method was 0.05 mg
kg-1.
Statistical analysis
Data were processed with analysis of variance
(ANOVA) at P=0.05 to determine statistically sig-
nificant differences between means (Tukey’s test).
Percentage data were arsine transformed prior to
statistical analysis to normalize and homogenize
the variance.
Results
Head infection determination
Head blight incidence on the inoculated controls
of the cv. Duilio, Bracco and Simeto was very high
(from 84.8 to 100%) and so was disease severity
(from 36.3 to 54.4%) (Table 2). All fungicides (bro-
muconazole, prochloraz and tebuconazole) signifi-
cantly reduced disease incidence by 53 to 65%, and
disease severity by 68 to 77% compared with the
control. There were no significant differences in
efficacy among the fungicides.
Table 1. Primers and programmes used in the PCR reactions.
Primer Primer sequence Programme Pathogen
OPT18F470 GATGCCAGACCAAGACGAAG 94°C30 s, 55°C30 s, 72°C40 s Fusarium culmorum
OPT18R470 GATGCCAGACGCACTAAGAT
Fg16F CTCCGGATATGTTGCGTCAA 95°C30 s, 62°C30 s, 72°C40 s F. graminearum
Fg16R GGTAGGTATCCGACATGGCAA
AF CAAGCATTGTCGCCACTCTC 95°C30 s, 60°C30 s, 72°C40 s F. avenaceum
AR GGTAGGTATCCGACATGGCAA
Fp82F CAAGCAAACAGGCTCTTCACC 95°C30 s, 62°C30 s, 72°C40 s F. poae
Fp82R TGTTCCACCTCAGTGACAGGTT
Y13NF ACCAGCCGATTTGTGGTTATG 95°C30 s, 61°C30 s, 72°C40 s Microdochium nivale var. nivale
Y13NR GGTCACGAGGCAGAGTTCG
Mnm2F TGCAACGTGCCAGAAGCT 95°C30 s, 61°C30 s, 72°C40 s M. nivale var. majus
Mnm2R AATCGGCGCTGTCTACTAAAAGC
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Table 2. Effects of fungicides on FHB on  F. graminearum (F.g.) and F. culmorum (F.c.) infected kernels and on
deoxynivalenol (DON) content in durum wheat cultivars.
FHB F.g. + F.c. DON (mg kg-1)
infected
Treatment I EI DS EDS I EI OS
e CSf
(%)a (%)b (%)c (%)d (%)a (%)b Kernels Kernels Semolina Bran
Cv. Bracco
Bromuconazole 34.1 ag 65 13.9 a 74 2.5 a 79 0.283 (72)h 0.279 (63)h 0.280 (41)h 0.090 (90)h
Procloraz 37.8 a 61 16.8 a 69    5.3 b 56 0.401 (60) 0.296 (61) 0.242 (49) 0.191 (79)
Tebuconazole 36.4 a 63 14.0 a 74    4.8 ab 60 0.258 (74) 0.240 (68) 0.387 (18) 0.157 (82)
Untreated control 97.5 b 54.4 b   12.0 c 1.010 0.758 0.474 0.894
Cv. Duilio
Bromuconazole 36.4 a 57 9.2 a 75   3.0 ab 65 0.117 (81) 0.098 (80) 0.196 (37) 0.160 (71)
Procloraz 34.0 a 60 11.5 a 68 2.0 a 76 0.065 (90) 0.088 (82) 0.124 (60) 0.104 (81)
Tebuconazole 39.6 a 53  8.6 a 76  4.8 b 44 0.236 (62) 0.253 (49) 0.292 (6) 0.181 (67)
Untreated control 84.8 b 36.3 b   8.5 c 0.625 0.500 0.312 0.546
Cv. Simeto
Bromuconazole 45.8 a 54 11.3 a 74 3.5 a 67 0.341 (67) 0.381 (57) 0.460 (26) 0.256 (50)
Procloraz 44.8 a 55 10.1 a 76 4.0 a 62 0.376 (64) 0.370 (58) 0.561 (10) 0.308 (40)
Tebuconazole 44.1 a 56   9.8 a 77 3.3 a 69 0.316 (70) 0.372 (58) 0.396 (37) 0.255 (50)
Untreated control 100.0 b 42.7 b 10.5 b 1.040 0.886 0.625 0.512
a Incidence of infected heads or kernels (%).
b Efficacy of fungicides on infected heads or kernels (%).
c Disease severity: area of infected head (%).
d Efficacy of fungicide on disease severity (%).
e OS, original sample.
f CS, clean sample.
g Means followed by the same letter in each column are not significantly different at P=0.05 according to Tukey’s test.
h In parenthesis reduction of DON  referred to the untreated control (%).
Percentage of kernels infected with F. graminearum
and F. culmorum (OS)
The percentage of kernels infected with F.
graminearum and F. culmorum was significantly re-
duced, compared with the untreated kernels by 65
to 79% when applying bromuconazole, by 56 to 76%,
with prochloraz, and by 44 to 69% with tebuconazole
(Table 2). The percentage of kernels infected with F.
graminearum and F. culmorum among untreated
samples of the 3 cultivars varied from 8.5 to 12%,
and the percentage of infected kernels treated with
the three fungicides varied from 2 to 5.3% (Table 2).
Detection of fungal species in ears
The mycological analysis (Table 3) showed that
the symptoms produced in inoculated untreated
ears were mainly caused by species of Fusarium
and only partly by M. nivale.
In the untreated samples of all cultivars, the
main infective agents, with a high frequency of iso-
lation, were F. graminearum, from 46.3 to 56.1%
and F. culmorum, from 38.2 to 45.2%, while F. poae
and F. avenaceum on all cultivars, and M. nivale
in cv. Bracco and Duilio, were less frequent.
SEM confirmed the presence of mycelium and
conidia of F. graminearum in kernels of the OS (Fig.
1 and 2).
Chemical analysis of DON in kernels of the OS and in
kernels, semolina and bran of the CS
In the untreated kernels of all cultivars, in the
OS, DON concentration was always higher than
that of the untreated kernels in the CS (Table 2).
In all cultivars, DON concentration in both the OS
(0.625–1.04 mg kg-1) and the CS (0.500–0.886 mg
kg-1) was higher than in the OS and CS treated
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Table 3. Fungi (%) isolated from inoculated untreated wheat ears.
Fungus
     Wheat
    cultivar F. avenaceum F. culmorum F. graminearum F. poae M. nivale
Bracco 1.3 38.2 56.1 2.8 1.6
Duilio 1.8 45.2 46.3 5.3 1.4
Simeto 2.3 43.2 48.6 5.9 0.0
with bromuconazole (0.117–0.341 mg kg-1 in OS;
0.098–0.381 mg kg-1 in the CS), prochloraz (0.065–
0.401 mg kg-1 in OS; 0.088–0.370 mg kg-1 in the
CS) and tebuconazole (0.236–0.316 mg kg-1 in the
OS; 0.240–0.372 mg kg-1 in the CS).
The quantity of DON in the bran samples
(0.512–0.894 mg kg-1) of the untreated cv. Bracco,
Duilio and Simeto was higher than that in the sem-
olina samples (0.312–0.474 mg kg-1).
The quantity of DON in bran and semolina sam-
ples treated with the three fungicides was always
lower than that in the untreated samples. The cor-
relation (r) between DON concentration and inci-
dence of F. graminearum and F. culmorum in in-
fected kernels was 0.90 in the OS (Fig. 3).
Conclusions
One application of bromuconazole, prochloraz
or tebuconazole on wheat at the beginning of an-
thesis (GS 60-61) reduced the incidence and sever-
ity of FHB in all cultivars when the infective pres-
sure came mostly from the main two pathogens F.
graminearum and F. culmorum. These results were
in accordance with those of Capisano (1995),
Mesterhazy (1996), Matthies and Buchenauer
(2000) and Menniti et al. (2003). Also the percent-
age of kernels infected with the two fungi was re-
duced. The low levels of DON in the CS may have
been caused by sieving, which eliminated a large
proportion of Fusarium infected kernels. This re-
sult was in accordance with Seittz (1986) and Dex-
ter (1997).
The average amount of DON was close to the
maximum levels recommended in Austria by the
Ministry of Health and the Austrian Institute for
Agriculture: 0.5–0.75 mg kg-1 on wheat for human
consumption, and were lower than the maximum
levels set in Russia by the Ministry of Health: 1
mg kg-1 on durum wheat. In the US the maximum
Fig 1. SEM micrograph of conidia and mycelium of F.
graminearum on a kernel of the original sample. Bar =
10µm
Fig. 2. SEM micrograph of conidia of F. graminearum
on potato dextrose agar. Bar = 10µm
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limits, set by the Food and Drug Administration,
are 1 mg kg-1 in products derived from wheat for
human consumption and 5–10 mg kg-1 in cereals
for animal feed. In Canada the limits are set by
the Health Protection Branch as 2–1 mg kg-1 in
uncleared bread clean wheat and in wheat for new-
born babies. In Italy legal limits for DON in wheat
and/or cereals or derived products are not fixed yet
and so no comparison can be made.
Field treatment with bromuconazole, prochlo-
raz and tebuconazole reduced DON production in
the OS by a minimum of 60% to a maximum of
90%, with an average of 70%.
A reduction of DON in kernels brought about
by fungicides applied at anthesis is also reported
by Mesterhazy (1996), Jennings et al. (2000), Simp-
son et al. (2001) and Menniti et al. (2003). Bran
samples of the untreated cultivars had higher DON
levels than semolina samples. A similar result was
reported by Scott et al. (1983), Trigo-Stockli et al.
(1996), and Romani et al. (2004). DON levels on
semolina and bran were always lower in fungicide
treated than in untreated samples.
Finally, the fungicides containing as active in-
gredients bromuconazole, prochloraz and tebuco-
nazole, applied at the beginning of blossoming
(10% of visible anthers), reduced the incidence and
severity of FHB and at the same time lowered the
percentage of infected kernels and the DON con-
tent in kernels. These data are relevant since they
were obtained in spite of a severe infection, in-
duced artificially by virulent and toxigenic F.
graminearum and F. culmorum isolates. When
fungicides are necessary, they should always be
integrated with other measures: using FHB-tol-
erant or resistant varieties, adopting proper ag-
ronomic practices that minimise the spread of
primary inoculum (avoiding rotation with other
cereals, working the soil without turning, mini-
mizing soil work, not sowing on unbroken soil,
avoiding high-nitrogen fertilization, etc.) and us-
ing healthy grain, or grain treated with fungicides
effective against Fusarium spp.These measures,
besides reducing FHB, as recently reported by
Simpson et al. (2001), Ioos and Faure (2001) and
Menniti et al. (2003), will also lower the DON con-
Fig. 3. Correlation between the percentage of  kernels of OS infected by F. graminearum and F. culmorun and
contamination by DON.
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tent in kernels, since there is a correlation be-
tween the two.
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